Aim: In severe urinary tract infection (UTI), susceptible antibiotics should be given. With the recent increase of multidrug-resistant bacteria, especially extended spectrum beta-lactamase producing Enterobacteriaceae (ESBL-E), broad-spectrum antibiotics, such as carbapenems, are used more frequently, which could lead to a further increase of multidrug-resistant bacteria. We aimed to analyze the relationship between initial empirical antibiotic appropriateness and clinical outcomes in UTI, especially in patients with systemic inflammatory response syndrome (SIRS) and ESBL-E.
INTRODUCTION
U RINARY TRACT INFECTION (UTI), especially severe cases with systemic inflammatory response syndrome (SIRS) and/or bacteremia, is one of the common diagnoses managed by clinicians in the outpatient clinic, emergency department, general ward, and critical care setting. 1 It is important to treat UTIs with susceptible antibiotics without delay, especially in severe cases, to improve patient outcomes. 1 With increasing multidrug-resistant (MDR) isolates especially extended spectrum beta-lactamase producing Enterobacteriaceae (ESBL-E) in recent years, 2 broad-spectrum antibiotics, especially carbapenem, tend to be used more frequently for potential ESBL-E coverage. 3, 4 Studies evaluating clinical outcomes in patients with ESBL-E infections have shown a tendency for higher mortality, longer hospital stay, greater hospital expenses, and reduced rates of clinical and microbiologic response. 5 However, inappropriate use of unnecessarily broad-spectrum antibiotics can lead to an further increase of MDR isolates 6, 7 and clinicians should select broad-spectrum antibiotics judiciously.
There have been observational reports with causative pathogens of UTI with ESBL-E 8, 9 ; however, these reports combined cases with mild UTI (cystitis) and severe UTI (pyelonephritis or sepsis) together and did not provide information regarding the relationship between susceptibility and clinical outcomes, especially in severe cases. Cases of UTI with SIRS have the substantial possibility of developing bacteremia. 1 Clinicians need to determine the initial antibiotics empirically before the culture and sensitivity results are available. Recently, carbapenems have been reported to be superior to piperacillin-tazobactam (PIPC/TAZ) as a definitive therapy in cases with ESBL-E bacteremia; however, these studies contain mixed populations of UTI, intra-abdominal infection, and other sources of infection. 10, 11 Furthermore, these studies evaluated the choice of antibiotics as definitive therapy after the sensitivity results obtained revealed ESBL-E. Therefore, if we apply these reports indicating that carbapenem is superior to PIPC/TAZ in ESBL-E bacteremia cases, clinicians are obliged to initiate with carbapenem in all UTI cases with SIRS, which will lead to overuse of carbapenem. This is not desirable with the current global initiative of antimicrobial resistance action plan. 12 Furthermore, although comparatively strong evidence exists for empirical treatments in the setting of intra-abdominal infection, the evidence in the setting of complicated UTI is small. 13 Therefore, we undertook this study to analyze the relationship between initial empirical antibiotic appropriateness and clinical outcomes of cases with UTI, especially focusing on cases with SIRS and ESBL-E.
METHODS
T HIS WAS A retrospective observational study that analyzed all patients who were diagnosed with UTI caused by ESBL-E from June 2012 to July 2017 at St. Marianna University School of Medicine, Yokohama City Seibu Hospital (Yokohama, Japan).
The data on patient characteristics, causative pathogens, SIRS criteria, antibiotics, blood culture results, and clinical outcomes were obtained. This study was initiated in 2012, and SIRS criteria were used for categorizing severe cases and non-severe cases as such a categorization was simple, objective, and practical in a clinical setting.
All urine culture (UCx)-positive cases with ≥10 5 colonyforming unit (CFU)/mL were selected. 14 The following cases were excluded: identical cases within 6 months (n = 231), UCx positive with fungi (n = 24), cases considered not to have active UTI from chart review (the definition of "considered not to have active UTI" included urine white blood cell count <10/high power field [n = 457], chart review revealed the documentation of the clinician's assessment as urinary colonization and/or assessment of infection source other than UTI [e.g., pneumonia, cellulitis, and surgical site infection] [n = 40]), cases with "do not attempt to resuscitate" order or "comfort measures only" (n = 12), and cases with missing data (n = 17).
The data on SIRS criteria 15 were obtained from chart review. The worst data on the day of UCx obtainment was used for SIRS scoring. When one or more SIRS components were not available on the date of UCx, the SIRS components within 1 day before or after the date of UCx were examined. Extended spectrum beta-lactamase producing Enterobacteriaceae was identified based on the Clinical and Laboratory Standards Institute description. 16 Clinical outcomes were defined as described in Appendix S1.
Appropriate antibiotics were identified when urine or blood culture results were susceptible to antibiotic treatment. Inappropriate antibiotics were identified when the urine culture result was resistant or intermediately susceptible to the antibiotic treatment.
The case was considered to have improved when the following two criteria were fulfilled: (i) fever and other vital signs improved, (ii) the chart documentation showed the description of improvement by the primary team.
This study protocol was approved by the institutional review board (IRB) of St. Marianna University, School of Medicine. For data analysis, R, EZR, the Mann-Whitney Utest, and Fisher's exact test were used. Detailed descriptions can be found in Appendix S1.
RESULTS
U RINE CULTURE POSITIVE cases with ≥10 5 CFU/ mL were identified (n = 1,880). Bacterial UTI cases were selected from chart review (n = 844) and divided into the SIRS group and non-SIRS group. The SIRS group had 336 cases (ESBL-E n = 43, 12.8%) and non-SIRS group had 508 cases (ESBL-E n = 64, 12.6%) ( Fig. 1 ). The ratio of ESBL-E did not differ significantly between the SIRS group and non-SIRS group (P = 0.92). The SIRS group had 45.5% (20/43) male patients and the non-SIRS group had 26.6% (17/64) male patients (P = 0.04). The average ages did not differ significantly ( Table 1 ). The SIRS group had significantly higher inpatient management than the Table 1 ). The timing of acquisition of UTI in inpatient cases, the department of admission of inpatient cases, and the underlying conditions are summarized in Table 1 .
The ESBL-E was composed of Escherichia coli (92.5%), Klebsiella pneumoniae (3.7%), and Proteus mirabilis (3.7%). This proportion did not differ significantly between the SIRS and non-SIRS groups. The SIRS group had a significantly lower rate of improvement with initial antibiotics than the non-SIRS group (72.1% [31/43] versus 96.9% [62/ 64], P < 0.01). The SIRS group had a significantly higher rate of improvement after changing antibiotics than the non-SIRS group (20.9% [9/43] versus 3.1% [2/64], P = 0.01).
The SIRS group had a higher death rate than the non-SIRS group (7.0% [3/43] versus 0.0% [0/64], P = 0.13) ( Table 2) .
The initial antibiotics given for ESBL UTI cases are summarized in Table 3 . The SIRS group had significantly higher levels of i.v. antibiotic treatment than the non-SIRS group (95.3% [41/43] versus 51.6% [33/64], P < 0.01) ( Table 3) .
The initial antibiotic treatment and clinical outcomes of ESBL UTI are summarized in Table 4 . In the non-SIRS cases, there was no statistical significance in the rate of improvement between the groups given initial inappropriate or appropriate antibiotics. In the SIRS cases, the group given inappropriate initial antibiotic treatment had a significantly lower improvement rate than those treated with appropriate initial antibiotics (47.7% [9/19] versus 91.7% [22/24/], P < 0.01). There was no statistical significance in the death rate between the initial inappropriate and appropriate (Table S1 ).
The relationship between the initial antibiotic treatment and clinical outcome of 14 cases of ESBL UTI with SIRS with true bacteremia is analyzed in Table 5 . Seven cases initially given antibiotics later turned out to be inappropriate to the causative ESBL-E. Among those seven cases, four improved while still on the initial antibiotics and three improved after escalating antibiotics and no case deteriorated or died. In the remaining seven cases, initial antibiotics later turned out to be appropriate to the causative pathogen. Among those seven cases, six improved with the initial antibiotics, but one patient died despite being given appropriate antibiotics from the start ( Table 5 ).
The average Sequential Organ Failure Assessment (SOFA) scores were 5.86 and 8.14 in cases given initial inappropriate antibiotics and initial appropriate antibiotics, respectively. The average SOFA score was higher in cases given initial appropriate antibiotics but did not show statistical significance (P = 0.55) ( Table 5 ). Initial antibiotics, changed antibiotics, and clinical outcome of SIRS ESBL UTI cases with true bacteremia are summarized in Table S2 .
DISCUSSION
T HIS IS A retrospective observational study to assess the relationship between initial antibiotic appropriateness and the clinical outcome of ESBL-E UTI cases. Although SIRS criteria are not currently used, 17 we applied SIRS criteria because it was the main means of severity assessment for sepsis at the time of initiation and approval by the IRB of this study in 2012. Additionally, SIRS is simple, practical, and objective.
A total of 108 ESBL-E UTI cases were evaluated; among them, 43 cases were SIRS positive, which is an indicator of severe infection, and initial antibiotic selection was critical. Our study showed that severe UTI with ESBL-E might not always require carbapenem as an empiric antibiotic. Modification of inappropriate antibiotics later, either according to clinical deterioration or ESBL-E culture results, might not adversely affect clinical outcomes.
Treatment of all septic UTI cases with carbapenem could increase the possibility of increasing carbapenem-resistant Enterobacteriaceae. 6 Patients with carbapenem-resistant Enterobacteriaceae have higher mortality than those with carbapenem-susceptible Enterobacteriaceae, especially in association with bloodstream infection and intensive care unit admission. 18 Guidelines for UTI with suspected ESBL-E have not been reported and controversy still exists regarding the identification of patients who require empiric treatment with carbapenem. Early detection of ESBL-E, such as early gene detection with accurate molecular diagnostic testing, could resolve this question, 19 but currently, phenotypic methods remain the cornerstone of antimicrobial susceptibility testing in clinical microbiology laboratories. 16 Our data also evaluated 14 cases of true bacteremia with the identical pathogen as the MERINO study, which showed ESBL-E bacteremia treated with carbapenem as definitive therapy led to better clinical outcomes compared to PIPC/ TAZ. 10 Approximately 60% cases were bacteremia secondary to UTI and the severity score index by the Acute Physiology and Chronic Health Evaluation II was 21.0 in the MERINO trial. 10 In contrast, our study evaluated the relationship between clinical outcomes and empirical therapy in urosepsis. There is only limited reporting of the empirical treatment of complicated UTI. 13 In our study, all cases initiated with inappropriate antibiotics recovered by timely escalation of antibiotics either with clinical deterioration or with ESBL-E culture results.
Our study has a few limitations. First, this study was undertaken in an urban tertiary-care hospital. Microbiological resistance patterns differ from place to place. However, the management and outcomes of each case with ESBL-E should not differ significantly among facilities. The prevalence of ESBL-E in our study was similar to that reported in Japan. 8, 20, 21 This indicates that our study has generalizability.
Second, the non-SIRS group contain cystitis cases that might not necessarily require treatment with appropriate antibiotics for cure. It is difficult to clearly differentiate cystitis and pyelonephritis in the non-SIRS group. However, our main scope of this study is to evaluate the UTI cases with SIRS and bacteremia. Third, this is a retrospective study and the selection of antibiotics could be biased with the severity of the case. The average SOFA score had numerical difference between those given initial appropriate and inappropriate antibiotics. However, there was no statistical significance. At the least, this study indicated that, among the seven cases with ESBL-E UTI with true bacteremia that were initially treated with inappropriate antibiotics, all improved with the appropriate escalation of antibiotics. The risk factors for ESBL-E are known to include recent broad-spectrum antimicrobial use, health-care exposures, and travel to parts of the world where MDR organisms are prevalent. However, there are cases of community-acquired ESBL-E infection, which makes it difficult to predict precisely which UTI cases are caused by ESBL-E. 2 This population compiled a large number of UTI cases. If we could spare the use of carbapenems in those cases, it would have a large impact on reducing the use of broad-spectrum antibiotics, especially carbapenems.
Our study has several strengths and substantial clinical impact. Cases of UTI with SIRS are common in the clinical setting. Among UTI cases that fulfill the SIRS criteria, there is a wide spectrum of severity. In cases with high potential for ESBL-E or those in a critical condition, for example, septic shock requiring vasoactive agents, it is reasonable to use carbapenem as an empirical antimicrobial. However, using carbapenems in all UTI cases that just fulfill the SIRS criteria would lead to significantly increased usage of carbapenem, which is not desirable for the judicious use of broad-spectrum antibiotics as described in antimicrobial resistance action plan and would risk inducing further antimicrobial-resistant strains. At the same time, we should not risk patients receiving inappropriate initial antibiotics with treatment failure. Our study indicated that initial inappropriate antibiotics did not adversely affect clinical outcomes if the antibiotics were escalated promptly when clinical deterioration was observed or culture results with ESBL-E were available.
Our study added strong supportive information to guide judicious antibiotic selection without compromising patient outcome in these populations.
CONCLUSIONS
W HEN TREATING SIRS -positive UTI with possible ESBL-E, empirical non-carbapenem antibiotics can be a safe option considering that the antibiotics will be properly escalated when there is clinical deterioration or the culture results with ESBL-E become available. Further research is warranted to guide the judicious empirical antibiotic selection for UTI with SIRS with possible ESBL-E. 
